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SUMMARY

Contamination of food reflects the most serious consequences of
environmental contamination, whereas cow's milk is considered the most
representative food source contaminated with heavy metals. The main objective
of this study is to evaluate the level of toxic heavy metals (Cd, Pb) and nutrition
elements (K, Na, Ca, Mg, Cu, Fe, Cr, Zn) in cow milk collected from different
sites in the Industrial area of thermal power plant in Obilic, Kosova. To determine
the level of presence of chemical elements, total of 153 cow milk samples are
collected from 51 cows. From each location sites during the morning milking in
the different seasons [spring (phase 1), summer (phase Il), and autumn (phase
I11)]. Elements were determined using SAA atomic spectrometry. The results of
this study indicate that heavy metals content extend the recommended values by
International Dairy Federation and Codex Alimentarius Commission in all three
phases of monitoring, and also there is a strong correlation between heavy metals
and nutritional elements in cow’s milk.
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INTRODUCTION
Due to its medicinal and dietary properties, the consumption of cow's milk
is very popular in the world. This is also because the beneficial health effects are
beyond its value. However, very little is currently known about the distribution,
behavior and effects of trace elements in cow's milk. Industrial progress and the
increase in agricultural production cause the use of large amounts of chemicals
even in the production of animal feed, therefore agricultural production has
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become a permanent source of external chemicals for living organisms (Zeneli et
al., 2013). An important "direct indicator" of the uncontaminated condition of
milk is determination of residual metal concentrations in milk. More ever, it can
be also an "indirect indicator" of the degree of pollution of the environment from
origin of milk (Licata et al., 2004, Gonzalez-Montaiia et al., 2012). The problem
with metals is their ability to bioaccumulate, and in recent decades, contamination
of milk with metals has been considered a dangerous problem. Heavy metals
come into contact with animals through air, water and food, where after ingestion
of unhealthy foods is considered the main source of metal residues in secreted
milk.

Therefore, milk as a secretion of the mammary gland together with the
many substances it carries, constitute a risk factor for the health of the consumer.
Milk and most of the dairy products from cows are likely to be exposed to heavy
metal contamination during lactation period (Ogut et al., 2016). In particular,
metal residues in milk remain a concern due to consumption by infants and
children.

Lead and cadmium cause the greatest concern in terms of adverse effects
on human health (Zeneli et al., 2008). The risk is also increased by the fact that
they are easily transferred through food chains and are not known for essential
biological functions. Therefore, the concentration of these two metals should be
observe in cow's milk to guarantee the health of people (Fathi et al., 2020). On
the other hand, milk is known as an excellent source of calcium and can supply
zinc, iron and copper in smaller amounts (Pennigton et al., 1995).

Although the excretion of metals through milk is very low, the
accumulation of their ecosystem (water-soil-plant-animal) makes them very toxic
and harmful to us living organisms (Tunegova et al., 2016).

According to conducted research’s, milk and milk products contain around
38 micro and different trace elements. Some of them are essential and very
important, because they are cofactors in many enzymes and play an important
role in many physiological functions of humans and animals. The amount of
metals in uncontaminated milk is undoubtedly small, but their content can be
significantly altered and cause serious health problems (Amer et al., 2021).
Depending on several factors, the content of these minerals in raw cow's milk can
vary, e.g. lactation period, presence of any disease, seasonal variations, climatic
conditions, annual feed composition and environmental pollution (Licata et al.,
2004, Yahaya et al., 2010). Therefore, data and research related to the
concentration of heavy metals in cow's milk is important in assessing the risk to
human health. Cadmium and lead accumulation in ruminants induce toxic effects
in cattle, therefore also in humans who consume contaminated food (including
milk) with toxic metals (Gonzalez-Weller et al., 2006, Cai et al. 2009, Vromman
et al., 2008).

According to previous studies, it was determined that the content of
selected pollutants in the study area differ among elements and samples, and they
can cause harmful effects in plants, animals and humans (Bajraktari et al. 2019,
Zeneli et al., 2011). Therefore, the aim of this study was to determine the residue
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levels of toxic heavy metals (Cd, Pb) and nutrition elements (K, Na, Ca, Mg, Cu,
Fe, Cr, Zn) in Industrial area of Obilic, Kosova. It should be noted that toxic
metal contamination in milk has been proven also in different countries.

MATERIAL AND METHODS

A total of 153 fresh cow milk samples (each sample 500 mL) were
collected from 51 cows in villages selected in area of Kosovo Thermal Power
Plants in Obilic Municipality (Figure 2). Samples was taken during the morning
milking directly in sterile bottle to prevent any contamination. The milk samples
from cow were carried in three phases (spring, summer and autumn).
Transportation of samples into laboratory was carried immediately (at 4 °C).

Before the procedure, the working glassware are wet with detergent, rinsed
with tap water. The same are moistened with 15% nitric acid, rinsed with distilled
water and stored in the oven at 110 ° C as needed. From each sample, 0.5 g of
each milk samples was taken and digested with 5 mL of concentrated nitric acid.
Content of flask was heated at 80 ° C, until the clear digest was gained. The
excess acid was evaporated. Cooling take place at room temperature, and the final
solution was dilute to 25 mL with 0.2 mol/L nitric acid and filtered. Quantitative
determination of selected elements and were conducted by using atomic
absorption spectrometer (Jen et al., 1994). Also, blank solutions were also
analyzed with same method. Data were statistically evaluated and concentrations
were expressed as mean + standard deviation, minimum and maximum values.

I:l Administrative boundary 1:1.000.000 31020 30 4(3(‘ .
1,000, SO w— Kilometers

Figure 1. The map of Kosova and the Municipality of Obilic - The location of the
Kosovo Thermopower Plants
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RESULTS

The concentration of nutritional elements in milk samples during three
phases showing the minimum, maximum, and average values for the analyzed
elements in each phase are given in in Table 1, 2 and 3. Regarding the mean
values of nutrition elements, they differ from sample to sample, and from one
phase to another one. Iron mean concentration in phase one was 0.587 mg/L with
minimum concentration 0.314 mg/L and maximum concentration 0.836 mg/L,
which are lower compared with Phase Il detected iron in milk samples. In phase
two the mean iron concentration was 0.716 mg/L, with minimum concentration
0.218 mg/L and maximum concentration was 2.5 higher compared with phase |
(2.042 mg/L). In phase three mean iron concentration was 0.467 mg/L, with
minimum concentration lower than in phase one and two (0.047mg/L) and
maximum concentration 1.041 mg/L. Copper mean concentration as nutritional
elements varies from phase to phase, with lowest mean concentration [0.297
mg/L (phase I); 0.361 mg/L (phase II); and 0.170 mg/L (phase II1)]. Maximum
concentration was detected in phase Il (5.085 mg/L) and lowest in phase 111 (0.59
mg/L).

Table 1. Mean, minimum, and maximum contents of selected elements in milk
samples — Phase |

Fe Cu Cr Mg Zn K Na Ca cd Pb

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Mean £SD | 0.587+0.15 ' 0.297+0.08 0.307+0.12 = 3.06410.41  0.291+0.11  33.909+5.11 @ 9.758+1.28 : 20.217+1.82  0.31810.11 | 1.293+0.52
Median 0.622 0.331 0.352 3.05 0.292 34.486 9.818 19.808 0.34 1.429
Minimum 0.314 0.156 0.019 2.337 0.159 22.701 6.705 17.25 0.104 0.144
Maximum 0.836 0.429 0.648 4.155 0.914 42,138 12.174 26.564 0.482 2.097
Confidence
Level
(95.0%) 0.048 0.027 0.076 0.133 0.037 1.646 0.412 0.585 0.037 0.167

Mean chromium concentration various from phase to phase. Regarding the
maximum concentration, the highest value was detected in phase one samples
(0.648 mg/L) while in phase two and three we have almost the same result (0.474
mg/L vs 0.481 mg/L). Mean magnesium concentration differ from phase one with
higher value of 3.064 mg/L, to lower value in phase two 1.56 mg/L and phase
three 1.221 mg/L. Zinc minimum concentration was detected in phase three
(0.012 mg/L), and maximum zinc concentration was detected in phase one (0.914
mg/L) with mean concentration varying from 0.291 mg/L in phase one, to 0.251
mg/L in phase two and lowest mean concentration in phase three (0.048 mg/L).
Because numerous biological and environmental samples contain low
concentration of zinc, it is not difficult to contaminate them (Guyo et al., 2009).
Studies also demonstrated that Zn concentrations in mammary tissue were
positively correlated with the milk performance and age of dairy cows (Olsson et
al., 2001). Potassium mean concentration various from 33.909 mg/L (phase one)
and 31.242 mg/L (phase two), with lowest mean concentration in phase three
19.085 mg/L. Minimum concentration was detected in phase three (0.139 mg/L)
and maximum concentration was detected in phase one 42.138 mg/L.
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Table 2. Mean, minimum, and maximum contents of selected elements in milk
samples — Phase Il

Fe Cu Cr Zn K Na Ca Cd Pb

(mg/L) (mg/) ~ (mg/l)  Mg(mg/l)  (mg/L) (mg/L) (mg/t)  (mg/l)  (mg/l) = (mg/l)
Mean £SD  0.726+0.34 0.361+0.09 0.27840.117 1.565£0.15  0.251£0.13 31.24+6.02 7.15+3.27 14.83+8.86 A 0.23610.06 1.62540.67
Median 0.78 0.166 0.33 2,135 0.262 32,64 8.093 19.358 0.247 1.534
Minimum 0.218 0.026 0.056 0.072 0.041 5.078 0.067 1.682 0.109 0.511
Maximum 2.042 5.085 0.474 3.227 0.722 38.024 10.852 25.419 0.346 2.844
Confidence
Level
(95.0%) 0,125 0.327 0.061 0.554 0.049 2,209 1.2 3.251 0.028 0.286

Sodium mean concentration values differ from phase one 9.758 mg/L to
7.15 mg/L in phase two and 6.45 mg/L in phase three, with minimum
concentration in phase two (0.067 mg/L) and maximum concentration in phase
one (12. 174 mg/L), which do not differ much from phase two and three (10.852
mg/L, respectively 11.309 mg/L). Calcium minimum and maximum
concentration was detected in phase three 0.303 mg/L respectively 35.092 mg/L,
with mean concentration various from 20.217 mg/L in phase one, followed by
14.838 mg/L in phase two and 17.035 mg/L in phase three. Calcium
concentration in milk, similarly to the Mg content from high-producing cows
often falls below the lower reference limits (Zamberlin et al. 2012, Litwinczuk et
al., 2018). Base on many authors, milk from cows which are suffering from
mastitis, has lower calcium proportion than milk of the highest cytological quality
(Kowalczuk et al., 2007, Gorska et al., 2012, Bilandzi¢ et al., 2011).

Table 3. Mean, minimum, and maximum contents of selected elements in milk
samples — Phase Il

Fe Cu Cr Mg Zn K Na Ca Cd Pb

mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
Mean +SD | 0.467+0.27 : 0.170+0.02 0.073+0.02 = 1.221+0.24 | 0.048+0.08 19.09+9.08 6.45+1.67 @ 17.03+7.87 0.313+0.09 @ 2.277+1.07
Median 0.477 0.206 0.103 1.897 0.051 22.203 5.832 18.604 0.337 2.282
Minimum 0.074 0.059 0.022 0.048 0.012 0.139 4.231 0.030 0.100 0.367
Maximum 1.041 0.379 0.481 4.479 0.206 27.739 11.309 35.092 0.426 3.803
Confidence
Level
(95.0%) 0.105 0.077 0.089 0.549 0.031 3.455 0.635 2.996 0.034 0.41

Regarding the concentration of toxic heavy metals (Cd and Pb) in milk
samples during three phases are given in Figure 2 and mean, minimum and
maximum concentrations in Table 2, 4 and 6.

Mean concentration of cadmium and lead in phase one was 0.318 mg/L,
respectively 1.293 mg/L, followed with mean concentration for cadmium in
phase two (0.236 mg/L) and lead (1.625 mg/L). Higher mean concentration was
detected for lead in phase three (2.277 mg/L), while for cadmium we have almost
the same mean concentration in phase three as in two previous phases (0.313
mg/L). Minimum cadmium detected concentration was almost the same in all
three phases (0.104 mg/L; 0.109 mg/L; 0.100 mg/L) while maximum
concentration of cadmium various from 0.482mg/L in phase one, to 0.346 mg/L
in phase two and 0.426 mg/L in phase three. Lead minimum concentration was
detected in phase one with 0.144 mg/L, followed with phase two 0.511 mg/L a
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phase three 0.367 mg/L. Maximum concentration of lead was detected in phase
three with 3.803 mg/L, while in phase one maximum detected value was 2.097
mg/L followed with 2.844 mg/L in phase two. These results are higher than
values reported by Simsek et al. (2000).

3,5
2,5

1,5

. W"“—_’

0 0,1 0,2 0,3 0,4 0,5 0,6

—@— Cd mg/L Phase 2 —@— Cd mg/L Phase 3 Pb mg/L Phase 1

Pb mg/L Phase 2 —@— Pb mg/L Phase 3

Figure 2. Concentration of Cd and Pb (mg/mL) in three phases

Table 4. Correlation between heavy metals and nutrition elements in Phase |

Fe Cu Cr Mg Zn K Na Ca Cd Pb
(mglL) (mg/L) (mgiL) (mgl) | (mgl) | (mgl) (mgll)  (mgl) (mgiL) (mglL)
Fe (mg/L) 1
Cu (mgiL) 0.875 1
Cr(mglL) 0.735 0.752 i
Mg (mgiL} 1
Zn (mgiL) 0.192 0.155 0183 i
K (mg/L} 0424 0.077 0.169 1
Na (mgiL) 0299 0073 1
Ca (mgiLl) 0.023 0.54 0117 1
Cd (mgiL) 0.876 0.929 0.806 0171 0.051 1
Pb (mg/L) 0.829 0.923 0.761 0132 0022 0.981 1

The values indicate significance at p < 0.001

The Pearson correlation matrix, provided in Table 4, 5 and 6, shows
significant correlation between heavy toxic metals and nutritional elements
selected for analysis in each phase of sampling. In phase one iron is strongly
positive correlated with cadmium and lead (r=0876, respectively r=0.829), and
copper with cadmium and lead (r=0.929, respectively r=0.923). Also, in phase
one cadmium and lead revealed high positive correlation with chromium and
calcium.
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Table 5. Correlation between heavy metals and nutrition elements in Phase Il
Fe Cu Cr Mg Zn K Na Ca Cd Pb
(mgll) | (mg/L) | (mgl) (mgl) & (mgl) & (mgll) | (mglL) : (mg) | (mgl) | (mgl)
Fe (mgiL) 1

Cu(mgll) 015 i

Crimgl) 0291 0289 1

Mg (mglL) 0097 0.021 1

Zn(mgl) | 0499 0116 0343 011 i

K (mglL) 0182 026 1

Na(mg/l) = 0073 0139 0071 0107 0393 1

Ca (mgll) 0.207 0.268 1

Cd(mgll) 0131 0334 0876 0215 0432 1

Pb(mgll) 0253 0421 0849 0237 0204 0.973 1

The values indicate significance at p < 0.001

In phase two regarding heavy toxic metals and nutritional elements, the
Pearson correlation matrix revealed significant positive correlations between
cadmium (r=0.976), and lead (r= 949) with chromium.

Table 6. Correlation between heavy metals and nutrition elements in Phase 111

Fe Cu Cr Mg n K Na Ca Cd Pb
mgl | mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

Fe mg/L 1

Cumg/L : 0.689 1

Crmg/L 0.861 0.634 1

Mg mg/L 0127 1

nmgll ¢ 0.354 0.446 0.413 0.258 1

K mg/L 0.382 0.095 1

Namg/L | 0001 0.062 -0.07 0.325 0031 | 0017 1

CamgiL 0.156 0.04 0.261 1

Cdmg/lL : 0.703 : 0.642 0.894 0.513 1

Pomg/L | 0.788 0.647 0.949 0.481 0.978 1

The values indicate significance at p < 0.001

The data in Table 6 indicate significant positive correlations (Pearson
coefficients) between heavy toxic metals and nutritional elements. Cadmium and
lead shows strong positive correlation with iron (r=0.703; r=0.788) and chromium
(r=0.894, r=0.949). Cadmium revealed moderate positive correlation with cooper
(r=0.642) and zinc (r=0.513).

DISCUSSION
The statistical analysis shows difference in the concentration of nutritional
elements and cadmium and lead depending on the sampling time as shown in
Figure 2. Iron concentration in phase one was 0.314 mg/L-0.836 mg/L, in phase
two concentration various from 0.218 mg/L to 2.042 mg/L. and in phase three
iron concentration various from 0.047 mg/L to 1.041 mg/L, which are higher
maximal concentration compared with result presented by Pilarczyk et al. (2013).
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The mean value of iron in all three phases was higher than results represent
by Pilarczyk et al. (2013) which various from 0.1984 mg/L to 0.2576 mg/L.
Copper mean concentration as nutritional elements varies from phase to phase,
with maximum concentration detected in phase Il (5.085 mg/L) which is higher
concentration of copper in milk samples than results present by Mahlat et al.
(2012) (2.836 pg/g). Chromium concentration various from phase to phase, but it
was lower than mean results presented by Cocho et al. (1992).

Pb (mg/L)

0 5 10 15 20 25 30 35 40

Phase Ill Phase Il mPhase |

Figure 3. Mean concentration of selected elements distributed in three phases

Mean magnesium concentration differ from phase one with higher value of
3.064 mg/L, to lower value in phase to 1.56 mg/L and phase three 1.221 mg/L,
which are higher than results presented by Gaucheron (2005) which are 1.043—
1.283 mg/L. Zinc maximum concentration and mean values were lower than
those presented by Malhat et al. (2012). Potassium maximum mean concentration
was detected in phase one 33.909mg/L (phase one), which is lower significantly
than those presented by Gaucheron (2005) 1212-1681 mg/L. Also, sodium
content with higher mean concentration in phase one (9.758 mg/L) was much
lower than previous results presented by Gaucheron (2005) which various 391-
644 mg/L. Calcium maximum concentration was detected in phase three 35.092
mg/L which is significantly lower than results presented by Nogalska et al.
(2020).

Mean nutritional content in the milk samples in all location sites in phase
one followed the profile K > Ca > Na > Mg > Fe > Cr > Cu > Zn. In phase two
nutritional elements follow almost the same profile: K> Ca > Na > Mg > Fe > Cu
> Cr > Zn. In phase three nutritional elements follow this rank K > Ca > Na > Mg
> Fe > Cu > Cr > Zn. Based on the above results the nutritional elements follow



Heavy metals levels in raw cow’s milk and health risk implication from thermal... 241

almost the same profile. This is also the same profile as presented by Naeem et al.
(2022), in which zinc is switched with iron.

Regarding the toxic heavy metals, there was no significant seasonal
variations in cadmium content, compared to reports by Kozhanova et al. (2021)
where was detected significant seasonal variations in cadmium content in animal
milk. In all three seasons the maximum level and mean value of cadmium and
lead exceeds the values recommended in these reports and indicate a
concentration in toxic values (IDF Standard, 1979, Codex Alimentarius
Commission, 2007). Mean heavy metal content in the milk samples in all location
sites in phase one followed the profile lead > cadmium. Correlations between
milk components are presented in each phase in Table 4, 5 and 6.

A strong correlation between heavy metals and nutritional elements in
cow’s milk, in all three phases are observed respectively for cadmium and lead
with iron, copper and chromium, moderate correlation with magnesium and zinc.
The results show a very high correlation in iron and cadmium compared to cases
in plants (Bajraktari et al., 2020). There is noted in phase one besides a
correlation for heavy metals and nutrients elements, a high negative correlation
between iron with copper (r=-0.875), high positive correlation between iron and
chromium (r=0.735) and copper and chromium (r=0.752), moderate positive
correlation between magnesium and calcium (r=0.540), and very high positive
correlation between cadmium and lead (r=0.981). In phase two, besides high
positive correlation of chromium with cadmium and lead, there is detected a very
high positive correlation between cadmium and lead (r=0.973), and very high
negative correlation between lead and chromium (r=-0.949). In addition to heavy
metal and nutritional elements correlations, in phase three there is noted a very
high positive correlation between cadmium and lead (r=0.978), iron with
chromium and copper (r=0.861, r=0.689), copper with chromium (r=0.634).
Correlations between nutritional milk elements and toxic metals were rarely
analyzed (Rodriguez et al., 1999). As in the milk of Simmental and Holstein-
Friesian cows, where significant high positive correlations were found between
the concentrations: Pb—Cd (r=0.86 vs. r=0.87), during three phase of study also
strong positive correlation between cadmium and lead was detected (Pilarczyk et
al., 2013).

CONCLUSIONS

The aim of this study was to analyze the content of nutritional elements in
various seasonal sampling time and heavy toxic metals in cow’s milk in highly
polluted industrial area and to compare the results of previous studies. Results
suggested that cadmium and lead concentration was higher than the
recommended standards and compared with results of milk from other parts of
the world. The present research showed that cow’s milk in three phases of
sampling had advantageous nutritional composition and higher toxic heavy metal
concentration. The established correlations showed high significantly positive
correlation between toxic heavy metals (cadmium and lead) in all three with
chromium, in phase one and three with iron, copper. The comparative analysis in
this study suggests taking the necessary measures for the production of safe food
products of animal origin.



242 Osmani et al.

ACKNOWLEDGEMENTS
This research has received funding from the Ministry of Education,
Science and Technology of the Republic of Kosova under Grant Agreement No.
2-17217.

REFERENCES

Zeneli, L., Daci- Ajvazi, M., Daci, N.M., Hoxha, D., & Agron Shala (2013).
Environmental Pollution and Relationship Between Total Antioxidant Capacity
and Heavy Metals (Pb, Cd, Zn, Mn, and Fe) in Solanum tuberosum L. and Allium
cepa L., Human and Ecological Risk Assessment: An International Journal, 19(6),
1618-1627.

Licata, P., Trombetta, D., Cristani, M., Giofré, F., Martino, D., Calo, M., et al. (2004).
Levels of “toxic” and “essential” metals in samples of bovine milk from various
dairy farms in Calabria, Italy. Environment International, 30(1), 1-6.

Gonzalez-Montana, J. R., Senis, E., Gutiérrez, A., & Prieto, F. (2012). Cadmium and lead
in bovine milk in the mining area of the Caudal River (Spain). Environmental
Monitoring and Assessment, 184(7), 4029-4034.

Ogut, H. Secilmis Canbay, H. (2016). Effect of Environmental Factors on Heavy Metal
Content of Raw Milk. Akademik Gida, 14(2), 105 -110

Zeneli, L., Daci, N.M., Daci-Ajvazi, M.N., Pagarizi, H. (2008). Effects of pollution on
lead and cadmium concentration and correlation with biochemical parameters in
blood of human population nearby Kosovo thermo power plants. American Journal
of Biochemistry and Biotechnology, 4(3), 273-276.

Fathi, M., Khalili, N., Rezaei, N. (2020). Effects of lead and cadmium on the immune
system and cancer progression. Journal of Environmental Health Science and
Engineering, 18(1), 335-343.

Pennigton, A., Schoen, A., Salmon, D., Young, B., Johnson, D., Marts, W. (1995).
Composition of core foods of the US food supply, 1982-1991. J Food Compos
Anal 8:171-217

Tunegova, M., Toman, R., Tan¢in, V. (2016). Heavy Metals — Environmental
Contaminants And Their Occurrence In Different Types Of Milk, Slovak J. Anim.
Sci., 49(3): 122-131

Amer, A.AE., El-Makarem, H.S.A., El-Maghraby, M.A., Abou-Alella, S.A. (2021).
Lead, cadmium, and aluminum in raw bovine milk: Residue level, estimated
intake, and fate during artisanal dairy manufacture. Journal of Advanced
Veterinary and Animaly Research, 8(3):454-464.

Yahaya, M.1., Ezo, G.C., Musa, Y.F., Muhamad, S.Y. (2010). Analysis of heavy metals
concentration in roadside soils in Yauri, Nigeria. Afr J Pure Appl Chem. 4(3):022—
30.

Gonzalez-Weller, D., Karlsson, L., Caballero, A., Hernandez, F., Gutiérrez, A., Gonzalez-
Iglesias, T., et al. (2006). Lead and cadmium in meat and meat products consumed
by the population in Tenerife Island, Spain. Food Additives and Contaminants,
23(8), 757-763.

Cai, Q., Long, M. L., Zhu, M., Zhou, Q. Z., Zhang, L., & Liu, J. (2009). Food chain
transfer of cadmium and lead to cattle in a lead—zinc smelter in Guizhou, China.
Environmental Pollution, 157(11), 3078-3082.

Vromman, V., Saegerman, C., Pussemier, L., Huyghebaert, A.,, De Temmerman, L.,
Pizzolon, J. C., et al. (2008). Cadmium in the food chain near non-ferrous metal
production sites. Food Additives and Contaminants: Part A, 25(3), 293-301.



Heavy metals levels in raw cow’s milk and health risk implication from thermal... 243

Bajraktari, D.; Bauer, B.; Zeneli, L. (2019) Environmental pollution and heavy metals
accumulation in Salix alba L. (Fam. Salicaceae), along the river stream of Sitnica.
Agric Conspec Sci 84:95-101

Zeneli, L., Daci, N.M., Pacarizi, H., Daci-Ajvazi, M. (2011). Impact of Environmental
Pollution on Human Health of the Population Which Lives Nearby Kosovo
Thermopower Plants. Indoor and Built Environment. 20(4), 479-482.

Simsek, O., Giiltekin, R., Oksiiz, O., & Kurultay, S. (2000). The effect of environmental
pollution on the heavy metal content of raw milk. Nahrung, 44(5), 360—363.
Bilandzi¢, N., Doki¢, M., Sedak, M., Bozica, S., Varenina, 1., KneZevi¢, Z., et al. (2011).
Trace element levels in raw milk from northern and southern regions of Croatia.

Food Chemistry, 127(1), 63-66.

Jen, S. L., Lee, S.J., & Lin, S. Y. (1994). Determination of cadmium and lead in raw milk
by graphite furnace atomic absorption spectrophotometer. Journal of Dairy
Science, 77(4), 945-949.

Guyo, H., Saegerman, C., Lebreton, P., Sandersen, C., Rollin, F. (2009). Epidemiology of
trace elements deficiencies in Belgian beef and dairy cattle herds. Journal of Trace
Elements in Medicine and Biology 23: 116-123.

Olsson, I.M., Jonsson, S., Oskarsson, A. (2001). Cadmium and zinc in kidney, liver,
muscle and mammary tissue from dairy cows in conventional and organic farming.
J. Environ. Monit. 3, 531-538.

Zamberlin, S., Antunac, N., Havranek, J., Samarzija, D. (2012). Mineral elements in milk
and dairy products. Mljekarstvo, 62, 111-125

Litwinczuk, Z., Koperska, N., Chabuz, W., Kedzierska-Matysek, M. (2018). Basic
chemical composition and mineral content of the milk of cows of various breeds
raised on organic farms and on traditional farms using intensive and traditional
feeding systems. Medycyna Weterynaryjna, 74, 309-313.

Kowalczuk, E., Klebaniuk, R. (2007). Nutritional approach to mastitis prevention.
Higiena, 2, 12-14.

Gorska, A., Mroz, B. E. (2012). Effect of the inflammation of the mammary gland on the
content of macro- and microelements in milk. Medycyna Weterynaryjna, 68, 697—
699.

Pilarczyk, R., Wojcik, J., Czerniak, P., Sablik, P., Pilarczyk, B., Tomza-Marciniak, A.
(2013). Concentrations of toxic heavy metals and trace elements in raw milk of
Simmental and Holstein-Friesian cows from organic farm. Environmental
Monitoring and Assessment, 185: 8383-8392.

Malhat, F., Hagag, M., Saber, A., Elsalam Fayz, A. (2012). Contamination of Cows Milk
by Heavy Metal in Egypt. Bulletin of Environmental Contamination and
Toxicology, 88:611-613.

Cocho, J.A,, Cervilla, J.R., Rey-Goldar, M.L., Fdez-Lorenzo, J. R., Fraga, J. M. (1992).
Chromium content in human milk, cow's milk, and infant formulas. Biological
Trace Element Research. 32: 105-107.

Gaucheron, F. (2005). The minerals of milk. Reproduction Nutrition Development, 45(4),
473-483.

Nogalska, A., Momot, M., Nogalski, Z. (2020). The Mineral Composition of Milk from
High-Yielding Dairy Cows Depending on the Month of Lactation and Udder
Health. Appl. Sci., 10, 4803.

Naeem, S., Nazir, A., Imran, M., Hussain, S M. (2022). Development and storage stability
of conjugated linoleic acid fortified yogurt. Food Science and Technology
(Campinas), 42(1) DOI: 10.1590/fst.110121



244 Osmani et al.

Kozhanova, N., Sarsembayeva, N., Lozowicka, B., Kozhanov, Zh. (2021). Seasonal
content of heavy metals in the “soil-feed—milk—manure” system in horse
husbandry in Kazakhstan. Veterinary World, 14(11): 2947-2956.

IDF Standard. (1979). Metal contamination in milk and milk products. International Dairy
Federation Bulletin. Document no. A. Doe 37

Codex Alimentarius Commission. (2007). Joint FAO/WHO food standards programme.
Codex committee on methods of analysis and sampling, twenty-eighth session,
Budapest, Hungary, 5-9 March 2007

Bajraktari, D., Bauer, B., Zeneli, L. et al (2020). Soil chemical evaluation and power plant
ash impact on chemical properties of Salix alba L. (Fam. Salicaceae): The impact
of bioaccumulation. Toxicology Research and Application 4(4).

Rodriguez Rodriguez, E. M., Sanz Alagjos, M., & Diaz Romero, C. (1999). Chemometric
studies of several minerals in milks. Journal of Agricultural and Food Chemistry,
47 (4), 1520-1524.



